NASA
Commercial Orbital Transportation
Services (COTS) Program

A Model for Public-Private Partnerships

ARPA-E ALPHA Annual Review
Arlington, VA

October 23, 2018

Alan Lindenmoyer
Former Program Manager
NASA Commercial Crew and Cargo Program

L

C@TS COMMERCIAL ORBSITAL TRANSPORTATION SERVICES



SpaceX COTS Summary

® COTS Space Act Agreement awarded
August 2006 and amended in December
2010 with additional risk reduction
milestones

® All 40 milestones completed in August
2012 for payments totaling $396M

— Demo Mission 1: December 8, 2010
— Demo Mission 2/3:  May 22-31, 2012

® Key Facts:
— New Falcon 9 U.S. launch vehicle

— New autonomous Dragon cargo spacecraft
capable of carrying cargo to and from the
ISS and LEO

— New commercial launch facility at
CCAFS, FL

—  Total Development/Demo Cost: $850M
(Gov: 47%, SpaceX: 53%)

SPACEX

—

Falcon 9 Cape Canaveral Launch Site
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SpaceX COTS Demonstration Launches

SPACEX .7
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SpaceX COTS Demo Mission C2+
Cargo Return

cGr'egor, TX Returned ISS cargo
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SpaceX COTS Milestones
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SpaceX Augmented COTS Milestones

Milestones

LIDAR Test Plan
(closed loop)

Test site Infrastructure
Implementation

LIDAR Test 6 DOF
(closed loop)

Design Rev. Enhanced
Powered Cargo Accom.

Design Rev. Pressurized
Cargo Vol Increase

Dragon Cargo Racks &
Hatch Simulator

Ground Demo Enhanced
Powered Cargo

""" ""Launch site Infrastructure
39__Implementation

Production Infrastructure
Implementation
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Actual Completion Date
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Orbital COTS Summary

COTS Space Act Agreement awarded
February 2008 and amended in
December 2010 with additional risk
reduction milestones

All 29 milestones completed in November
2013 for payments totaling $288M
— Maiden Test Flight:  April 21, 2013

— ISS Demo Mission:  Sep. 18-23, 2013

Key Facts:
— New Antares U.S. launch vehicle

— New autonomous Cygnus cargo spacecraft
capable of carrying cargo to the ISS and
disposing cargo from the ISS

— New commercial launch facility at Wallops
Island, VA

—  Total Development/Demo Cost: $1,015M
(Gov: 42%, Orbital: 58%)

Orbyi7ar

L

Antares MARS/Wallops Launch Site
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Orbital COTS Demonstration Launches

A-ONE Launch April 21, 2013 Orb-D1 Launch September 21, 2013
MARS Pad 0A, Wallops Island, VA [ sf-ai MARS Pad OA, Wallops Island, VA
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Orbital D-1 ISS Demonstration Mission
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Orbital COTS Milestones

Milestones
1 Program Plan Review 10.0f 10.0 VMar 31
2 Demo Mission SRR 20.0] 30.0 Jun iz
3 UCMPDR 10.0] 40.0 Jul Aug 14
4 DELETED
5 COTS Int/Ops Facility 10.0f 50.0
6 PCM PDR 10.0] 60.0
7 DELETED
8 IP&CL Submission 10.01 70.0 Y.EEb 18
9 ISS Phase 1 SRP 10.0] 80.0 vl v Mar 27
10 COTS System PDR 20.0| 100.0 Se{,‘:‘:"' A LN
11 PCM CDR 10.0| 110.0 , y,]..ul 31
12 Cygnus Avionics Test 10.0| 120.0 Ju;‘-‘:LWAugm;g
13 ISS Phase 2 SRP 10.0| 130.0 | Auy -WNQM 6
14 COTS System CDR 10.0[ 140.0 Mgr““.::- o —S_eN— - —i_ WMar 23
SM Core Assembly ":v ______ W
15 Complete 7.5| 147.5 Octy..V I?ec Aug 30
16 SM Test Readines Review 7.5| 155.0 Jan r‘":L -VA[;' T P Novaz
vy
17 SM Initial CPT 5.0| 160.0 Ma\;'.‘."' = "‘ : il e 'JLN === 'NDGC 14
18 LV Stage | Assy. Complete 2.5| 162.5 SED“'-,-'L mtmTTmoe Sen i e e -ij 11
19 Cargo Int. Demo 2.5| 165.0 i jVDec I N R U D N D N M M —
20 Mission Readiness Review 2.5| 167.5 Oct ".-_ R 6& ----------- I ’JU|27
21 System Demo Flight 2.5] 170.0 e "':’_ _________ Dec G D R +‘\lov 1
e
V Current Plan ' Initial SAA Plan
vern
v Actual Completion Date %Y Projected COMMERCIAL CREW & CARGO 12-02-13
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Orbital Augmented COTS Milestones

Milestones

22 Test Flight Mission Review

2008

23 Test Flight Mission Analys.

Cygnus Mass Sim. (CMS)
24 Design Review

Install Add’l PITL
25 Simulators

SAA Total

v Current Plan

v Actual Completion Date
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Program Report

For more information on the COTS program visit

https://www.nasa.gov/commercial-orbital-transportation-services-cots

Commercial Orbital
Transportation Services

—
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